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Background and Objective 
 
Japan has targeted to increase the total share of renewable energy (RE) to account for 22% -24% of 
electricity generation in 2030. The Feed-in-Tarif policy and the Electricity System Reform policies that have been 
implemented in Japan strongly indicate large-scale integration of RE sources in Japanese electricity supply system. 
The uncertainty of RE raises concern about the need of balancing power supply and demand in power systems 
equipped with RE sources during peak demand hours. The Demand Response (DR) approach has been proved in 
numerous countries as fast, reliable, and cost-efective for reducing peak demand in electricity system with RE 
sources. However, studies on the efect of DR for Japanese power system are rare. The Japanese customers’ 
responses to price-based DR during peak demand have become evident in previous studies (Tanaka and Ida, 2013; 
Ito et al, 2015; Ida et al, 2015), but their responses to incentive-based DR have not. The objective of this research 
is to estimate the possibility and capacity of peak reduction of residential demand in rural areas of Japan as a 
result of incentive-based Demand Response approach.  
 
Approaches and Methods  
 
Two considerations underlay the approach of this study. First, considering that the key of success in any 
existing DR program is the high participation of the customers (Faruqui et al, 2010; VaasaETT, 2011), this study 
models the preference of the Japanese customers for the incentive-based Demand Response (IBDR) program. 
Second, considering that most RE sources are dispersed in rural areas so that distributed electricity systems in 
rural areas are reasonable to develop (Borges, 2012), this study measures the actual demand of households in a 
selected rural area. Further, this study estimates the potential benefit of the IBDR if it is implemented in the 
selected area by using the preference model.  
Based on the aforementioned approaches, the actual electricity demand measurement using sensors was 
conducted on two independent groups of 21 households in a selected rural area. The measurement duration was 8 
days in summer and 14 days in winter for the 1st group, and 33 days in summer and 35 days in winter for the 2nd 
group.  
To model the preference of the Japanese customers for hypothetical IBDR scenarios (i.e. planned power 
outages with various designs), discrete choice experiment surveys (Train, 2009; Hensher et al, 2015) were 
conducted twice independently, targeting 1668 and 1620 Japanese residential customers of eight and nine regional 
electric power companies, respectively. The survey results were used to build logit models for estimating the 
willingness to accept incentives and predicting participation rate of any DR scenario.  
Estimation of potential peak demand reductions of IBDR programs was conducted by comparing the typical 
peak demand profiles with no IBDR scenario with the resulted peak demand in cases of pre-defined IBDR 
scenarios. The typical peak demand profiles were constructed from the actual peak demand of 21 households 
using moving-block-bootstrapping technique with 5000 resampling. The participation rate in each IBDR scenario 




The actual demand measurements results show that in average, the highest 10% level of demand was equaled 
or exceeded only during 1% of time. This finding shows the potential relevance of DR. The most important target 
period for IBDR program for summer is the evening (6pm-9pm) and for winter is the morning (7am-9am) because 
the maximum peak demands mostly occurred in these periods.  
The discrete choice experiments results show that in no-incentive scenarios, more than 50% respondents 
accepted a 30-minutes electricity outage occurring four times per year or 1-hour outage occurring once per year. 
The acceptance probability of an outage program is significantly affected by the program design, respondents’ 
socioeconomic characteristics, and the existence of other programs. The logit model that accommodates these 
factors shows, the marginal willingness to accept for a 1h-outage occurring once per year is 11,328 JPY for 
base-group respondents.  
The simulation on the 21 households in the 2nd group using the preference logit model shows that a 1h outage 
scenario occurring once per year in the summer evening with no-incentive would be accepted by 42% of the 
households (90% CI: 39.8% to 44.7%). It would translate into average potential peak demand reduction of 5.4 kW 




The Japanese residential customers are responsive to monetary incentives. It is possible to gain high 
voluntary participation of Japanese residential customers in an incentive-based Demand Response program for 
optimizing the electricity supply system equipped with RE sources. It is possible to gain significant peak demand 
reduction if the incentive-based Demand Response is applied to electricity system in rural communities in Japan. 
